Abstract: This study has focused on two main tasks: verifying the suitability of using stochastic frontier analysis on a transforming sector, and providing empirical evidence to explain the technical efficiency structure among farms in the time period [2000][2001][2002][2003][2004]. Two stochastic frontier model specifications were employed, the Battese and Coelli 1992 specification with the systematically time-varying inefficiency effect, and the Battese and Coelli 1995 one stage specification explaining technical inefficiency based on farm-specific variables. Our analyses were carried out at the commodity level, wheat production, where the accessibility of a data panel allowed us to enrich the calculation of the level of technical efficiency by the analysis of productivity changes within the chosen period of time, supports this idea as well.
The terms productivity and efficiency have been used frequently in the media over the last ten years by a variety of commentators. They are often used interchangeably, but this is unfortunate because they are not precisely the same things. The production frontier represents the maximum output attainable from each input level. Hence it reflects the current state of technology in the industry. Firms in that industry operate either on that frontier, if they are technologically efficient, or beneath the frontier if they are not technically efficient. Productivity of a firm is the ratio of the output(s) that it produces to the input(s) that it uses. When one considers productivity comparisons through time, an additional source of productivity change, called technological change, is possible. When we observe that firm has increased its productivity from one year to the next, the improvement need not have been from efficiency improvements alone, but may have occured due to technological change or the exploitation of scale economies or from some combination of these three factors.
METHODOLOGY AND MATERIAL
Based on the neo-classical production theory, the dependent variable of the production function should by expressed as the quantity of a given output produced in a given time period as a result of a production transformation of a given input quantity. This definition is followed by the first endogenous variable specification of the stochastic frontier production model, namely the output is the amount of a produced commodity in a farm (farm enterprises production), expressed in tons. By using this production definition, we assume that the production quantity is homogenous when comparing the analyzed farms.
Constructing production functions requires further information about inputs equipment in quantity references. Because only cost data is available for production factors, no breakdown between quantity and prices is possible. Since the agricultural production process is a complex activity, not only inputs quantity, but also input quality and functionality have a significant impact on input performance.
The data employed for the stochastic frontier analysis and productivity analysis are taken from a sample of farm data obtained from the Research Institute of Agricultural Economics and Nutrition in Bratislava (VÚEPP) from [2000] [2001] [2002] [2003] [2004] . The farms in the sample are classified as crop farms or as farms with combined crop and animal production.
To keep the indication of inputs equipment comparable over time and thus to capture technological changes, the cost data expressed in value terms have to be transformed to a constant price basis. Price indices for agricultural inputs, as given in Table 1 , were used to deflate the cost data to the base year 2000 and thus to remove price change over time.
To avoid land heterogeneity, the farm enterprises were, due to the inadequate land quality data, selected from one production zone. For our analysis, there was selected the sugar beet production region. The above described production inputs comprise four input variables and one output of the stochastic frontier production models for the selected Slovak farm enterprises: -own and purchased seed, in SK/ha -own and purchased fertilizers, in SK/ha -purchased chemicals, in SK/ha -land, defined as the hectare area of an i-th farm enterprise, in ha -wheat production, in tons.
The sample summary statistics for these variables are presented in Table 2 . The statistics of the sample categorized with respect to the individual years.
The last variable integrated in the stochastic frontier production function is the time variable t.
Using a time variable (1, 2, 3, 4, 5 for the years 2000, 2001, 2002, 2003 and 2004, respectively) in these models allows for frontier shifts over time, which represents technological change.
Variables of the inefficiency model
The choice and definition of the variables for the inefficiency effect model are complicated by methodological requirements as well as by data availability. The important methodological requirement linked to variable specification is the elimination of potential specification problems such as multicollinearity, heteroscedasticity and the omitted variable problems. We concentrate on preventing the estimation inconsistencies which could be caused by multicollinearity between the inputs variables of the production frontier model and inefficiency determinants included in the second part, the inefficiency effect model, of the Battese and Coelli 1995 (Coelli et al. 1998 ) specification. Regarding this issue, variables such as size will have to be omitted from one-stage efficiency analysis since it always correlates with the input variables of the production frontier.
To avoid specification errors, when using the variable data, the set of explanatory variables of the inefficiency effect model of the Battese and Coelli 1995 stochastic frontier model specification is contracted to only two variable groups: the general market and economic conditions, and production diversification.
The in the production spectrum is deducted from the non-zero value of own fertilizers.
Model specifications for empirical application
The Battese and Coelli's 1992 (Coelli et al. 1998 ) stochastic frontier production model for panel data, where technological inefficiencies of firms may vary systematically over time. This model defines inefficiency coefficients as an exponential function of time.
In the model specification of Battese and Coelli 1995, technical inefficiency effects are explicitly expressed as a function of a vector of firm-specific variables and random error and are integrated in the stochastic frontier model. This one-stage model is recognized as one which provides more efficient estimates than those which could be obtained using the two-stage estimation procedure. Another reason for estimating all parameters in one stage is that, in general, it is hard to distinguish between a variable that belongs to the production function and explanatory variables of the inefficiency model. In the one-stage model, explanatory variables directly influence the transformation of inputs and efficiency is estimated, controlling the influence of explanatory variables of technological inefficiency. This reduces the omitted variable problem in the two-stage estimation. However, it does not solve the problem of multicollinearity, which can cause bias in the estimates of β and TE i in both approaches of TE explanation (Sotnikov 1998) .
The selected Battese and Coelli 1992, and Battese and Coelli 1995 model specifications will be completed by setting a concrete functional form and supplementing it with informational substance. The choice of the functional form of the stochastic production frontier is a serious task of the econometric model specification. The translogarithmic function and the Cobb-Douglas functional form are the two most common functional forms which have been used not only in empirical studies on frontier productions, but in the studies on production behavior in general. In the efficiency analysis, it is of interest what effect the choice of functional form has on empirical measures of technological efficiency.
The Cobb-Douglas function is the simpler and less flexible form, carrying with it more theoretical curvature restrictions and imposing more restrictions on the elasticity of substitution between the factors than the translog function does. The advantage of this functional form is that it allows an examination of economic efficiency because it meets the requirements of self-duality. The Cobb-Douglas form has been used in many empirical studies, particularly those related to agriculture in developing countries, but it also in the studies on transitional agriculture (Sotnikov 1998) . However, in the most recent studies, the translog functional form has been used more often for modeling the agricultural frontier production function. The preferential characteristic of this functional form is first of all its flexibility.
The drawback of the translog functional form is that it often does not yield coefficients of a plausible sign and magnitude, possibly due to the degrees of freedom. However, Curtiss (2002) argues that in the TE studies, the estimates of TE are of more importance that the statistical properties of the estimated coefficients. He also states that the most preferred property of the estimation of TE is consistency, while, in general, the most efficient estimator is chosen for the parameters of the production function β.
Based on the above argumentation, the more general translog functional form was chosen for the description of the production frontier behavior of the Slovak farm enterprises. The stochastic frontier production function employing the defined variables has the following form:
where: Y it = represents the outputs for the i-th farm enterprises (i = 1, 2. …, N, where N is the number of farm enterprises) in the t-th time period (t = 1, 2,…, T; T = 5 and corresponds to 2000, 2001, 2002, 2003 and 2004 ) X jit = the j-th input of the i-th farm enterprise in t-th year (j = 1, 2, 3, 4) where: X 1 = seed X 2 = fertilizers X 3 = chemicals X 4 = land, and t = time variable β = parameters to be estimated u it , v it = random variables which represent the technical inefficiency effects and statistical noise
If the coefficients of the second-order terms are zero, i.e., β jk = 0, j = k = 1, 2 … 5, the Cobb-Douglas function as a special case of the translog function will describe the production frontier. Further, this sto- chastic frontier model includes the cross-products of the year of observation and the logged inputs, which specify the non-neutral technical change. However, neutral change is present if the coefficients of the interaction between the years of observation and the inputs are zero, i.e., β jt = 0, j = k = 1, 2 … 4. There would be no technological change among the farm enterprises if the coefficients of all variables involving year of observation were zero, i.e., β t = β tt = β jt = 0,
This definition of the stochastic frontier production is identical for both the monotonically time-varying inefficiency model and the non-monotonically timevarying model specification. As defined by Battese and Coelli 1992, the non-negative inefficiency effect, u it is an exponential function of time. Considering the condition of the analyzed time period, the systemically time-varying inefficiency model can be written into an equation,
The inefficiency effect model defined by the selected farm-specific variables of a form as proposed by Battese and Coelli (1995) is specified as follows:
where: µ = the firm-specific mean of a truncated normal distribution δ = parameters to be estimated, and indices, I and t, are as defined earlier Z n = the n-th independent variable of the i-th farm expected to determine the level of technical inefficiency in t-th time period (n = 1, 2, …, 5), where: 
RESULT AND DISCUSSION

Stochastic frontier production models
The ML estimates of the specification Battese and Coelli 1992 and 1995 models obtained using the software package Frontier 4.1c are presented in Table 3 . In the first part of these tables, the parameters of the production frontier are introduced, and in the second part, four additional parameters associated with the distribution of the overall random effect. The estimated individual coefficients in the stochastic frontier productions given by the translog functional form are due to the joint effects of the inputs variables not directly interpretable as in the Cobb-Douglas function and their significance is not directly assessable given the standard errors. Furthermore, the statistical properties of the estimated coefficients of the production frontier are in the TE studies of less importance than the estimates of TE. For the evaluation of the stochastic frontier models, responses to its simplification will be presented by several tests.
The tests applied will be the general likelihood-ratio test, λ, which is defined by where:
= the values of a restricted model under the null hypothesis H 0 and of the alternative model under the hypothesis H 1
The hypothesis imposing restriction on the parameters in the stochastic frontier models can be tested using a number of different test statistics. This test statistics is usually assumed to be asymptotically distributed as a chi-square random variable with degrees of freedom equal to the number of restrictions involved (Coelli et al. 1998 ). The most frequently applied test, or its slight variant, explicitly or implicitly conducted in empirical analyses involving the stochastic frontier model has been the Wald statistics.
Final model selection
No set of restrictions can be defined to permit a test of one specification versus the other since the model specifications applied are non-nested. The frequently used criterion of better statistical properties of an econometric model estimated through the ML method is the logarithmic value of the likelihood function. Another benchmark, derived from the Coelli's (1998) Monte Carlo analysis, is the magnitude of the percentage contribution of the farm inefficiency in the composed total error, denoted by γ. Models with very low γ-parameters should by viewed with caution or discarded if the alternative models with higher γ-parameter exist. Also, the plausibility of the results from the estimation is an important criterion for the choice of the stochastic frontier model specification for the final empirical analysis. If these three criteria do not give an unambiguous answer for the selection, the Akaike Information Criterion (AIC) could be utilized.
The higher logarithmic value of the likelihood function and the higher contribution of TE to the total variability illustrated in Table 4 suggest better statistical properties of the second model specification, Battese and Coelli 1995. Table 5 shows that given the Battese and Coelli 1995 model specification, the null hypothesis of no non-neutral technical change, H 0 : β jt = 0, where j = 1, 2, 3, 4 is rejected with both statistical tests. This implies that the isoquants do not significantly The second statistic provided for the test of the neutral technical change shows a significant parallel shift of the production frontier in [2000] [2001] [2002] [2003] [2004] for wheat production at the 1% significance level. A significant technological change can be considered as technological progress due to a positive sign of the parameter, β t , in Table 3 .
The third null hypothesis, in Table 4 , of constant input elasticities as given by the Cobb-Douglas technology, H 0 : β t = β tt = βj t = β jk = 0, j = k =1, 2, 3, 4, is rejected with both statistical tests at the 5% significance level. Thus, in wheat production line, the production elasticities cannot be considered as constant under the given model specification.
Output elasticities
The main tool for the production technology description will be partial output elasticities. They imply to what extent the proportional individual input change, keeping the other inputs constant, is decisive for the proportional change in output quantity. The partial output elasticities for the translog function are farm-specific, which means they do not remain constant over the whole production function.
Partial elasticities of the mean output with respect to the k-th input variable (k = 1, 2, 3, 4) for firm i in year t are given as the partial derivation of the nonneutral stochastic frontier production function to the inputs as follows: The sum of the elasticities of the mean frontier production with respect to all four inputs used in our study generates the scale elasticity. This is related to the concept of return to scale (RTS), which reflects the degree to which a proportional increase in all inputs increases output. This can be decreasing, constant or increasing.
The mean output elasticities estimated using the first proceeding described above, together with the estimates of scale elasticities, are presented in Table 6 . The magnitudes of the output elasticities in Table 6 indicate that the utilized proportional change of land in most cases have the highest proportional contribution to the production generation when keeping other variables constant.
Technological efficiency development in 2000-2004
In this section, we focus on the evaluation of the estimated parameters of the stochastic frontier models, which contain information about the strength and direction in which efficiency changed over time. The parameters to be estimated are δ-parameters associated with time dummy variables, Z 1 , Z 2 , Z 3 , Z 4 , from the inefficiency effect model when the Battese and Coelli (1995) model specification was used. The significance of time inefficiency effect will be tested using the generalized likelihood-ratio test. The test Table 7 . The null hypothesis δ 1 = δ 2 = δ 3 = δ 4 = 0, that macro-economic, market, legal, and also weather conditions captured in the time dummy variables do not change the level of technological efficiency, is rejected at the 1% significance level in wheat production. Under these circumstances, it is important to determine which trend, improvement or worsening of the TE scores is captured in the δ's parameters values. Positive δ-parameters indicate an increasing effect of the environmental factors on the inefficiency levels, while negative parameters decrease inefficiencies, and thus improve technological efficiencies. These parameters are presented in inefficiency effect model in Table 2 The wheat seed technological efficiency estimates are significantly influenced by bad weather conditions in the hibernation period of 1999/2000 and by the poor wheat production in 2003. Even if these circumstances affected most of the farmers, there still remained farmers which achieved usually high yields. The Green Report (Zelená správa) explains the increase of the average wheat yields in 2004 in relation to the increased cultivated area, good wheather conditions and the improved agrotechnical use of the seed potential.
In the Table 8, The last variable included in the technological and revenue inefficiency effect model of the Battese and Coelli 1995 was the dummy variable representing the production diversification, Z 5 . Farm production was defined as diversified when the farm's activity included crop production as well as animal production. Farms which concentrate their activity on crop production only are assigned as specialized farms. The significance of the effect of farm diversification on the TE level is tested by the help of the generalized likelihood-ratio test. The test of the null hypothesis, that diversification does not affect the technological efficiency scores, δ 5 = 0, was accepted in the wheat production. In other words, the differences in wheat technological efficiency between farms with diversified production and farms which concentrate on crop production are insignificant.
Total factor productivity change
In the previous section, we described the wheat production over the analyzed time period based on the partial output elasticities and the estimated parameters relevant for the non-neutral shifts of the production frontier. All the analyzed factors were relevant for the efficiency explanation. We still have not evaluated the efficiency development over time. However, productivity development tendencies are not easy to obtain from the efficiency scores development over time without a simultaneous evaluation of technical changes. Measures of the overall or total factor productivity (TFP) changes will be the subject of this section.
To investigate the total factor productivity changes, we use the Malmquist TFP index to evaluate productivity development over the analyzed period considering the main farm categories. The Malmquist TFP index contains the efficiency change element and the technical change element. The efficiency change 
CONCLUSION
This study utilized the stochastic parametric approach for efficiency measurement because of its characteristics considering random effects related to both agricultural production generation and measurement problems, and the efficiency results' testability. Two SFM specification were employed, the Battese and Coelli 1992 specification with the systematically time-varying inefficiency effect, and the Battese and Coelli 1995 one stage specification explaining technical inefficiency based on farm-specific variables. Most of the empirical results of the SFA application show that the more complex Battese and Coelli 1995 SFM specification predicting TE by a detailed modeling of variables influencing the statistical distribution of the technical inefficiency allows for a better and more comprehensive production response analysis. The methodological part of the SFA has generated the conclusion of providing a better result for policy decision-making and remedying the low frequency of utilizing the prosperous SFA approaches of the efficiency analysis.
The quality of results obtained by the SFA is determined by the quality of input data. Problems connected with the validity of data will exist if farmers are not able to understand the fact that giving true data can lead to obtaining results of a higher quality. Consequently, these results can be used by the farmers to make their own decisions. Also the employees, who deal with primary data, should approach obtaining data and their primary processing with high responsibility. element of the Malmquist TFP index, EC i(t + 1)/t , for time t + 1 and t, can be calculated as follows:
which is the ratio of the individual TE levels in time t and t +1. The technological change index, TCH i(t + 1)/t , which represents the second element of the Malmquist TFP index, can be conveniently calculated using the partial derivates of the production frontier with respect to time. Since technical change is non-neutral and the technological change index can vary for different input vectors, Coelli, Rao, Battese (1998) suggest using a geometric mean of the partial derivates for the two adjacent periods, The technological change and efficiency change indices multiplied together then give the Malmquist TFP index, as follows:
TFP i(t + 1)/t = EC i(t + 1)/t × TCH i(t + 1)/t
The calculated technological and efficiency change indices, together with the Malmquist TFP indices for the wheat production, for the adjacent periods and then for the whole analyzed period 2000-2004, are presented in Table 9 .
The Malmquist TFP index for wheat production indicates an overall improvement in productivity in average by 16. 
